Different input and output properties characterize parvalbumin-positive basket and Axo-axonic cells in the hippocampal CA3 subfield.
In the hippocampus, parvalbumin-expressing basket (BC) and axo-axonic cells (AAC) show different discharge patterns during distinct network states, but the cellular mechanisms underlying these differences are not well understood. Using whole-cell patch-clamp techniques, we investigated the single-cell properties and excitatory synaptic features of anatomically identified BCs and AACs in the CA3 region of mouse hippocampal slices. The results showed that BCs had lower threshold for action potential (AP) generation and lower input resistance, narrower AP and afterhyperpolarization than AACs. In addition, BCs fired with higher frequencies and with more modest accommodation compared with AACs. The kinetic properties of excitatory postsynaptic currents (EPSC), the rectification of AMPA receptor-mediated currents, the fraction of the NMDA receptor-mediated component in EPSCs, and the EPSC magnitude necessary to evoke an AP were similar in both cell types. However, smaller excitatory postsynaptic potential and lower intensity fiber stimulation in stratum oriens was necessary to drive firing in BCs. Moreover, the rate of spontaneous EPSCs in BCs was higher than in AACs. Neurolucida analysis revealed that the dendrites of BCs in strata radiatum and oriens were longer and more extensively ramified. Since the density of the excitatory synapses was estimated to be comparable in both cell types, we conclude that the more elaborated dendritic arbor of BCs ensures that they receive a larger number of proximal excitatory inputs. Thus, CA3 pyramidal cells more profoundly innervate BCs than AACs, which could explain, at least in part, their distinct spiking behavior under different hippocampal network activities.